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(57)Abstract:

PROBLEM TO BE SOLVED: To provide a manufacturing method for a thin-film

transistor which has superior Ids characteristics, while being predominant for making

the thin- film transistor fine and .the resistance of contact with a wire being stable.

SOLUTION: A connection hole 8, which reaches a silicon thin-film layer 3 of the thin-

film transistor 6, is formed in a 2nd insulation film 4 and on. the 3rd insulation film 7, a

3rd insulation film 7 covering the thin-film transistor 6 formed on a substrate 1 and a

titanium-based material film 1 1 is formed, covering the internal wall of the connection

hole 8. Then a nitride film 12 is.formed, by nitrifying the titanium-based material film 1

1

from the top-surface side, by carrying out heat treatment in a nitrogen gas atmosphere.

At this time, hydrogen gas is added to the nitrogen gas atmosphere, and the heat

treatment is carried out; then a wiring material film is formed on the nitride film 12 and

patternediso as to form a wire 15.
:
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* NOTICES *

JPO and NCI PI are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original

precisely.

2.**** shows the word which can not be translated.

3.1n the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1] The process which forms the connection hole which attains the thin film transistor formed on
the substrate in the silicon thin film layer of the thin film transistor concerned at a wrap insulator layer,

and forms the titanium system ingredient film for the wall of the connection hole concerned on said

insulator layer in the state of a wrap, In the manufacture approach of thin film semiconductor equipment
of performing the process which is rriade nitriding said titanium system ingredient film from a front-face

side, and forms a nitride by heat-treating in nitrogen-gas-atmosphere mind, and the process which

forms the wiring material film on said nitride The manufacture approach of the thin film semiconductor

equipment characterized by adding hydrogen gas in said nitrogen-gas-atmosphere mind at the process

which forms said nitride.

[Claim 2] The manufacture approach of the thin film semiconductor equipment characterized by adding

said hydrogen gas at a 3atms(es)% - 5atms% rate in the manufacture approach of thin film

semiconductor equipment according to claim 1 into the nitrogen-gas-atmosphere mind at the time of

performing said heat treatment.

[Claim 3] The manufacture approach of the thin film semiconductor equipment characterized by carrying

out the temperature up of said nitrogen-gas-atmosphere mind to heat treatment temperature

predetermined with a programming rate quicker than a part for 25-degree-C/in the manufacture

approach of thin film semiconductor equipment according to claim 1 in case said heat treatment is

performed.

[Claim 4] It is the manufacture approach of the thin film semiconductor equipment characterized by
being carried out by said heat treatment carrying out the temperature up of saidjnitrpgen-gas-. ...

atmosphere mind to the heat treatment temperjature of 250 degrees C - 420 degrees C in the
;,

manufacture approach of thin film semiconductor equipment according to claim 1.

[Claim 5] The process which forms the connection hole which attains the thin film transistor formed on
the substrate in the silicon thin film layer of the thin film transistor concerned at a wrap insulator layer,

and forms the titanium system ingredient film for the wall of the connection hole concerned on said

insulator layer in the state of a wrap, The process which is made to nitride said titanium system
ingredient film from a front-face side, and forms a nitride by heat-treating in nitrogen-gas-atmosphere

mind, In the manufacture approach of a display of performing the process which carries out the wiring

material film on said nitride, and the process which is made connecting said wiring material and the

titanium system ingredient film to wiring which comes to carry
:
out patterning,. and forms an organic-EL

device The manufacture approach of the display characterized by adding hydrogen gas in said nitrogen-

gas-atmosphere mind at the process which forms said nitride.

[Translation done.]
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DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention] This invention relates to the manufacture approach of a display of making it

coming to connect an organic EL device with the manufacture approach of thin film semiconductor

equipment and thin film transistor which come to prepare a thin film transistor on a substrate.

[0002]

[Description of the Prior Art] In the display which has a drive circuit using a thin film transistor (thin film

transistor), the further detailed-ization of the thin film transistor from which high brilliance-ization of

image display constitutes a drive circuit with progress of progress is demanded.

[0003] By the way, in thin film semiconductor equipment equipped with the thin film transistor, as a plug

ingredient connected to the silicon thin film layer of a thin film transistor, processing is easy and the

ingredient of an aluminium alloy system has been used on the grounds that the stable contact to silicon

is realizable. However; since the reactivity of aluminum and silicon is very high, a broad aluminum-Si

reaction layer will be formed in a contact part in the case of plug formation. For this reason, the thin film

- transistor needed to be designed and it had become the factor to which this restricts detailed-ization of

a thin film transistor so that the source drain width of face in a silicon thin film layer might become large

rather than the width of face of the aluminum-Si reaction layer formed.

£[0004] Moreover, control of the natural oxidation film of a silicon thin film layer front face exposed at

the pars basilaris ossis occipitalis of a connection hole will also be difficult, contact resistance will be

strong in a part with the thick natural oxidation film, and, on the other hand, a superfluous aluminum-Si

reaction will occur in a part with the thjn natural oxidation. film. For this reason, it was remarkably

difficult to make contact resistance into a fixed value.

[0005] Then, the technique of preventing diffusion, of the aluminum into a silicon thin film layer and

expansion of an aluminum-Si reaction layer is proposed and carried out by using the nitride of titanium

system ingredients, such as titanium and a titanium system alloy, and these titanium system ingredients

as a barrier metaL

[0006]

[Problem(s) to be Solved by the Invention] However, when a titanium system ingredient is used as a

barrier metal, titanium itself is the matter which carries out occlusion of the hydrogen remarkably. For

this reason, it is absorbed by the barrier metal which the hydrogen in a silicon thin film layer becomes

~ . .-from a -titanium- system -alloy, the hydrogen in-a-silicon^thin/film Jayer disappears, and ther problem >- ,~,

performed when the current (Ids) property of a thin film transistor was degraded remarkably occurs.

[0007] When Ids of a thin film transistor deteriorates, the brightness of an organic EL device falls and it

becomes impossible to perform the stable display in the indicating equipment which used the thin film

transistor for the drive circuit of an organic EL device especially, since the organic EL device which is a

light emitting device is a current drive.

[0008] Moreover, when using the nitride of a titanium system ingredient as a barrier metal, the titanium

system ingredient film is formed and it is made to nitride first by heat-treating this titanium system

ingredient film in nitrogen-gas-atmosphere mind. However, in the case of this heat treatment, the
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*
. hydrogen in a silicon thin film layer will be absorbed by the titanium system ingredient film with nitriding

of the titanium system ingredient film. For this reason, the same problem as the case where a titanium

system ingredient is used as a barrier metal arises.

[0009] As an approach of preventing this, although there is also the approach of forming the nitride of a

titanium system ingredient directly by the membrane formation approach like a reactant spatter, it is

remarkably difficult to obtain the nitride film of uniform membraneous quality by such approach.

[0010] Then, this invention aims at offering the manufacture approach of the thin film semiconductor

equipment which can obtain the thin film transistor of the stable property, and the manufacture

approach of a display of having the organic EL device in which the display stabilized by applying this

approach is possible.

[0011]

[Means for Solving the Problem] The manufacture approach of the thin film semiconductor equipment of

this invention for attaining the above-mentioned purpose is characterized by carrying out as follows.

First, the connection hole which attains the thin film transistor formed on the substrate in the silicon

thin film layer of the thin film transistor concerned at a wrap insulator layer is formed, and the titanium

system ingredient film is formed for the wall of the connection hole concerned on said insulator layer in

the state of a wrap. Then, by heat-treating in nitrogen-gas-atmosphere mind, the titanium system

ingredient film is nitrided from a front-face side, and a nitride is formed. And hydrogen gas is added in

nitrogen-gas-atmosphere mind especially in this case. The wiring material film is formed on a nitride

after more than.

[0012] Moreover, this invention is also the manufacture approach of the display which performs the

process mentioned above, is connected to wiring which comes to carry out patterning of the titanium

system ingredient film to a wiring material and a nitride pan further, and forms an organic EL device.

[0013] In case the titanium system ingredient film is nitrided by heat treatment in nitrogen-gas-

atmosphere mind, according to the above manufacture approaches, hydrogen is supplied to the titanium

system ingredient film by adding hydrogen gas out of a heat treatment ambient atmosphere into

nitrogen-gas-atmosphere mind. For this reason, sucking of the hydrogen from a silicon thin film layer to

the titanium system ingredient film can be suppressed in the case of this heat treatment Therefore, it

Sfets to thin film semiconductor equipment equipped with the barrier metal which nitrided the titanium

system ingredient film, the hydrogen concentration in the silicon thin film layer of a thin film transistor is

secured, and the Ids., property of a thin film transistor is kept good.

^.[0014]" ; \ "^.,'"7
"

' ..v '

/;:.t;v7/JL'.....

[Embodiment of the Invention] Hereafter, the gestalt of the operation which applied the manufacture

approach of this invention is explained to a detail in order of the process based on a drawing. In addition,

in the following operation gestalten, the manufacture approach of thin film semiconductor equipment is

explained, it continues at this and the manufacture approach of a display is explained.

[0015] First, as shown in drawing 1 (1), the silicon thin film layer 3 is formed through the 1st insulator

layer 2 on the substrate 1 which has insulation, such as quartz glass and transparency glass ceramics.

Under the present circumstances, silicon thin films, such as polish recon film or amorphous silicon film,

are first formed by about 40nm thickness on the 1st insulator, layer 2 according to low-temperature

processes, such as a high -density plasma-CVD method. Subsequently, on this-siNcon thin filrrh a resist

pattern is formed by the lithography method and patterning of the silicon thin film is carried out by

etching which used this resist pattern for the mask. By this, the silicon thin film 3 of a desired

configuration is obtained. In addition, this silicon thin film layer 3 may be single-crystal-silicon film which

is not limited to what consists of an amorphous silicon or polish recon, and is formed by the well-known

approach. Moreover, suppose that patterning in subsequent processes is based on etching which used

for the mask the resist pattern mentioned above, for example.

[0016] Next, the laminating of a silicon nitride film and the silicon oxide film is carried out one by one by

a plasma-CVD method etc., and the 2nd insulator layer 4 is formed for the silicon thin film layer 3 on the
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• /1st msulator layer 2 in the state of a wrap by this. This 2nd insulator layer 4 turns into gate dielectric

film of a thin film transistor.

[0017] Then, the gate electrode 5 is formed on the 2nd insulator layer 4 in the condition of carrying out

a laminating to the silicon thin film layer 3. The gate electrode 5 is formed by carrying out spatter

membrane formation of the electric conduction film which consists of metallic materials in this case, for

example, molybdenum / tantalum (Mo/Ta) alloy etc., from thickness 300 at about 400nm, and carrying

out patterning of this electric conduction film.

[0018] Then, the 3rd insulator layer 7 is formed for this gate electrode 5 on the 2nd insulator layer 4 in

the state of a wrap. Subsequently, the connection hole 8 is formed in the condition of exposing silicon

thin film layer 3 part of the gate electrode 5 side to the 3rd insulator layer 7 and the 2nd insulator layer

4, respectively.

[0019] Next, source drain field 3a is formed in the silicon film membrane layer 3 of the pars basilaris

ossis occipitalis of the connection hole 8 by the impurity diffusion from the connection holes 8, such as

ion-implantation. Thereby, the thin film transistor 6 of a top gate mold is formed on a substrate 1. In

addition, in the condition of having formed this connection hole 8, it will be in the condition that the

natural oxidation film 9 was formed in the source drain field 3a front face of the silicon thin film layer 3

which constitutes the base of the connection hole 8.

[0020] As shown in drawing 1 (2) after more than, the titanium system ingredient film 1 1 is formed for

the wall of the connection hole 8 in the state of concave. Suppose that it consists of a titanium system

alloy which comes to add other metals to titanium and titanium, and this titanium system ingredient film

11 is consisted of titanium film here. Membrane formation of this titanium system ingredient film 11

decides to be carried out by the spatter excellent in the homogeneity within a field of thickness and

membraneous quality. Moreover, although the thickness of this titanium system ingredient film 1 1 is

suitably chosen by the thermal resistance needed as a barrier metal, the workability as a barrier metal,

and the transistor characteristics of the thin film transistor 6 needed here, it decides to be set as 50nm

as an example here.

[0021] And the process explained using following drawing 2 (1) turns into a process peculiar to this

invention. That is, it heat-treats in a nitrogen gas (N2) ambient atmosphere here to the titanium system

ingredient film 1 1 formed at the above-mentioned process. Under the present circumstances, suppose

that it heat-treats by adding hydrogen gas (H2) to nitrogen-gas-atmosphere mind. And the surface layer

of the titanium system ingredient film 1 1 is nitrided, and a nitride 12 is formed; Moreover, by this heat

treatment, in the pars basilaris ossis occipitalis of the connection hole 8, make the titanium system

ingredient film 1 1 and its lower layer silicon thin film layer 3 react, the lower layer part of the titanium

system ingredient film 11 is made to silicide-ize, and the silicide film 13 is formed.

[0022] In the above-mentioned heat treatment, hydrogen gas is added in nitrogen-gas-atmosphere mind

so that the concentration of hydrogen gas may become the range which is 3atms(es)% - 5atms%.

Suppose that it heat-treats while adjusting the amount of supply of the nitrogen gas in a heat treating

furnace, and hydrogen gas into the nitrogen-gas-atmosphere mind of the inside in this case, for example,

the heat treating furnace with which the substrate 1 has been arranged, so that hydrogen gas may be

added by the above-mentioned density range.

^ [0023] Moreover, in case -it heatTlreats, the -temperature- up of-the nitrogen-gas-atmosphere mind is -

carried out to heat treatment temperature with a programming rate quicker than a part for 25-degree-

C/. By performing rapid heating of nitrogen-gas-atmosphere mind in the range of such a programming

rate, rather than the occlusion rate of the hydrogen from the silicon thin film layer 3 to the titanium

system ingredient film 11, heat treatment is advanced so that the silicide-ized rate of the titanium

system ingredient film 1 1 may become quick. Moreover, in this case, when [ to a substrate 1 ] the effect

of heat treatment is taken into consideration, it is desirable to make a programming rate into the

following by 80-degree-C/. Furthermore, suppose the range of 250 degrees C - 420 degrees C, and that

the heat treatment temperature in this case is preferably set up near 350 degree C. It becomes possible
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to fully advance nitriding of the titanium in the titanium system ingredient film 11 by making heat

treatment temperature into 250 degrees C or more. Moreover, heat treatment which eliminated the

effect of the property and substrate 1 on a thin film transistor 6 can be performed by making heat

treatment temperature into 420 degrees C or less.

[0024] Moreover, suppose that the heat treatment time amount after reaching predetermined heat

treatment temperature is suitably chosen by the thickness and heat treatment temperature of the

titanium system ingredient film 11. Under the present circumstances, in titanium system ingredient film

1 1 part located in the pars basilaris ossis occipitalis of the connection hole 8, it is desirable that

sufficient heat treatment time amount for extent which is made to nitride that upper layer and forms a

nitride 12 and with which that lower layer is silicide-ized on the other hand, the silicide film 13 is formed,

and titanium system ingredient film 1 1 part does not remain in this part is set up. As such an example,

the thickness of the formed titanium system ingredient film 11 is 50nm, and when heat treatment

temperature is set as 350 degrees C, heat treatment time amount is set up in 60 minutes.

[0025] After heat-treating the titanium system ingredient film 11 as mentioned above and forming a

nitride 12 in that upper layer, as shown in drawing 2 (2), the wiring 15 connected to source drain field 3a

of a thin film transistor 6 through the nitride 12 formed in the surface layer of this titanium system

ingredient film 11 is formed. This wiring 15 forms the aluminum film for example, on a nitride 12, and is

formed by carrying out patterning of this aluminum film, a nitride 12, and the titanium nitride system

ingredient film 11.

[0026] By the above, the wiring 15 connected to the thin film transistor 6 at this is formed, and thin film

semiconductor equipment is obtained.

[0027] This thin film semiconductor equipment is used ais a drive circuit of a display. The sectional view

of the display which has the drive circuit which consisted of such thin film semiconductor equipment is

shown in drawing 3 . An organic EL device is used for this display as a light emitting device. Manufacture

of this display continues at the production process of the thin film semiconductor equipment explained

above, and performs the following processes.

[0028] First, after forming thin film semiconductor equipment according to the process explained using

above-mentioned drawing 1 and above-mentioned drawing 2 , the flattening insulator layer 31 is formed

on this substrate 1, and the connection hole 32 which reaches this flattening insulator layer 31 at wiring

15 is formed.

[0029] Then, the lower electrode 33 connected to wiring 15 through the connection hole 32 is formed as

an anode plate (or cathode) on the flattening insulator layer 31. In addition, when. the display formed .,

here is the transparency mold which takes out display light from a substrate 1 side, suppose that this

lower electrode 33 is formed of a transparent material.

[0030] Next, pattern formation of the wrap insulator layer 34 is carried out for the periphery of this

lower electrode 33. Moreover, on this insulator layer 34, pattern formation of the auxiliary wiring which

omitted illustration here may be carried out.

[0031] Then, pattern formation of the organic electroluminescence layer 36 is completely carried out for

the exposure of the lower electrode 33 in the state of a wrap on the lower electrode 33 exposed from

the insulator layer 34. This organic electroluminescence layer 36 consists of two or more organic layers

which contain, an. organic luminous -layer- at Jeast,.and is-formed in opening of-an-insulator layer *34~ of the

vacuum evaporationo from the mask (illustration abbreviation) arranged above a substrate 1.

[0032] It is in a wrap condition about the organic electroluminescence layer 36 and an insulator layer 34

after more than, and when an auxiliary electrode is formed, the up solid film-like electrode 37 is formed

as cathode in the condition of having made it connecting with this auxiliary electrode. In addition, when
the lower electrode 33 is formed as cathode, suppose that this up electrode 37 is formed as an anode

plate. Furthermore, when the displays formed here are a substrate 1 and the top-face luminescence

mold which takes out display light from the opposite side, suppose that this up electrode 37 is formed of

a transparent material.
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' /[0033] The organic EL device 38 which comes to pinch the organic electroluminescence layer 36

between an anode plate (lower electrode 33) and cathode (up electrode 37) as mentioned above is .

formed on the substrate 1 with which the thin film transistor 6 was formed. And the display which has

the organic EL device 38 which formed the closure layer 38 on the up electrode 37 in the state of the

wrap, and was connected to the thin film transistor 6 in this organic EL device 38 is completed.

[0034] In case the titanium system ingredient film 1 1 is nitrided by heat treatment in nitrogen-gas-

atmosphere mind of having explained using drawing 2 (1) according to the manufacture approach

explained above, hydrogen is supplied to the titanium system ingredient film 1 1 by adding hydrogen gas

out of a heat treatment ambient atmosphere into nitrogen-gas-atmosphere mind. For this reason,

sucking of the hydrogen from the silicon thin film layer 3 to the titanium system ingredient film 11 can

be suppressed in the case of this heat treatment Therefore, the hydrogen concentration in the silicon

thin film layer 3 of a thin film transistor 6 is secured, and the current characteristic (Ids property) of a

thin film transistor 6 is kept good.

[0035] Consequently, although the contact resistance by which suppressed the reaction of the silicon

thin film layer 3 and the aluminum of wiring 15, and attained detailed-ization, and it was stabilized

between the silicon thin film layer 3 and wiring 15 by preparing a nitride as a barrier metal is secured, it

becomes possible to obtain the thin film semiconductor equipment which has the thin film transistor

excellent in the Ids property.

[0036] Drawing 4 is a graph which shows the relation between the addition of the hydrogen gas in the

process which forms a nitride 12, and Ids of the formed thin film transistor. In addition, the relation

between the addition of hydrogen gas and Ids was shown here about the case where rapid heating (it is

a part for 50-degree-C/about a programming rate) of the nitrogen-gas-atmosphere mind that hydrogen

gas was added is carried out, and the case where it heats gradually (it is a part for 2-degree-C/about a

programming rate). Moreover, Ids was shown as phase contrast to Ids of the thin film transistor formed

without preparing barrier metal.

[0037] As shown in this graph, in the range whose amount of hydrogenation is 3atms(es)% - 5atms%, it

was not based on the programming rate of nitrogen-gas-atmosphere mind, but maintaining Ids at 50

percent - about one hundred percent of a thin film transistor without barrier metal was checked. ui

Moreover, in the.range of this amount of hydrogenation, it was checked that a thin film transistor with

high one [ where the programming rate of nitrogen-gas-atmosphere mind is higher ] Ids is obtained.

[0038] Moreover, as succeedingly explained using drawing 3. , by forming an organic EL device 38 in the

condition of making it connecting with a thin film transistor 6, a current drive will be .carried out by the

thin film transistor 6 by which Ids was maintained at the high value, and this organic EL device 38 can

prevent the fall of the brightness by degradation of Ids. • r :

[0039] Consequently, although a certain amount of brightness is secured, as mentioned above, detailed-

ization of a thin film transistor can attain detailed-ization of pixel size, and the display in which a high

definition display is possible can be obtained.

[0040] In addition, in the operation gestalt mentioned above, the case where a thin film transistor was a

top gate mold was explained. However, the manufacture approach of the thin film semiconductor

equipment of this invention and the manufacture approach of an indicating equipment can be similarly

~, , , - applied; when a thin film transistor is-a bottom gate mold, and they can acquire the same effectiveness.-

[0041]

[Effect of the Invention] As explained above, according to the manufacture approach of the thin film

semiconductor equipment of this invention the configuration which adds hydrogen gas in nitrogen-gas-

atmosphere mind in case the titanium system ingredient film on the silicon thin film layer which

constitutes a thin film transistor is nitrided and a nitride is formed — ** — by having carried out The

occlusion of the hydrogen from the silicon thin film layer to the titanium system ingredient film can be

prevented, the hydrogen concentration in a silicon thin film layer can be secured, and the current

characteristic (Ids property) of a thin film transistor can be kept good. Consequently, although it has the
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nitride which nitrided the titanium system ingredient film as a barrier metal, it becomes possible to

obtain the thin film semiconductor equipment which has the thin film transistor excellent in the Ids

property. Since a nitride is prepared as a barrier metal, a reaction with the wiring material (aluminum)

connected with a silicon thin film layer at this can be suppressed, and this semiconductor device can

attain detailed-ization, and can secure the stable contact resistance with wiring and a silicon thin film

layer.

[0042] Moreover, according to the manufacture approach of the display of this invention, the fall of the

brightness of the organic EL device by degradation of Ids of a thin film transistor can be prevented by

connecting an organic EL device to the thin film transistor excellent in the Ids property formed as

mentioned above. Consequently, although a certain amount of brightness is secured, by detailed-ization

of a thin film transistor, detailed-ization of pixel size can be attained and the display in which a high

definition display is possible can be obtained.

[Translation done.]

* NOTICES *

JPO and NCI PI are not responsible for any

damages caused by the use of this translation.

LThis document has been translated by computer. So the translation may not reflect the original

precisely.

2.**** shows the word which can not be,translated.

3.1n the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[Drawing 1] It is cross-section process drawing (the 1) showing manufacture of the thin film

semiconductor equipment in an operation gestalt

[Drawing 2] It is cross-section process drawing (the 2) showing manufacture of the thin film

.

semiconductor equipment in an operation gestalt. •
. >

[Drawing 3] It is a sectional view for explaining manufacture of the display equipped with the thin film

semiconductor equipment in an operation gestalt.

[Drawing 4] It is the graph which shows the relation of the addition of hydrogen gas and Ids of a thin film

transistor in heat treatment.

[Description of Notations]

1 [ — A thin film transistor, 7 / — The 3rd insulator layer, 8 / — A connection hole, 11/ — The
titanium system ingredient film 12 / — A nitride, 15/ — Wiring, 38 /— Organic EL device ] — A
substrate, 3 — A silicon thin film layer, 4 — The 2nd insulator layer, 6

[Translation done.]
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